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COVID effects on the Earth System

D
R
AFTFig. 1. Illustration of the conceptual flow of this study. The COVID-19-induced reductions in human activity led to reduced anthropogenic emissions. That shift, equivalent to

moving forward or backward in time, shows us how the atmosphere, land, and ocean respond in a future scenario with stricter emissions controls. This analysis helps to identify

pathways to mitigate air pollution and climate change without tremendous sacrifice from individuals. Image credit: Chuck Carter / Keck Institute for Space Studies

reduced emissions in the fut ure without relying on t remendous33

individual sacrifice. T his paper is organized in three parts.34

First , we describe the changes in human behavior that occurred35

during the pandemic. Second, we discuss the implicat ions of36

observed changes in emissions and concent rat ions for future37

mit igat ion st rategies, wit h special at t ent ion to how local-scale38

changes (using the San Francisco Bay Area and the Los Angeles39

Basin as case studies) collect ively affect global climate and40

global-scale observat ions support st rategies to improve local41

air quality. Finally, we examine what the COVID-19 pandemic42

has taught us about fut ure needs for an Earth observing system43

and future lines of research.44

1. Change in human activity during lockdowns45

To place the atmospheric effects of the pandemic in context , we46

first need to understand how human act ivity changed. Figure47

3 shows met rics for t he st rictness of government lockdown48

measures, vehicle t raffic, air t raffic, shipping, and elect ricity49

use. To highlight connect ions between the local and global50

scales, we include met rics focused specifically on two California51

urban areas (the San Francisco Bay Area and Los Angeles52

Basin), t he US and other count ries as a whole, and the world.53

Except in China, vehicle t raffic and air t ravel all show54

similar pat t erns of a sharp decrease in mid-March (Fig. 3b,c),55

when lockdowns and other protect ive measures went into effect56

in most locat ions (Fig. 3a), followed by a slow recovery over57

t he following months. While California urban areas remained58

near or below their pre-pandemic t raffic levels throughout the59

boreal summer, driving mobility throughout the whole US as 60

reported by Apple increased nearly 200% between January 61

and July. T he Apple mobility data was only made available for 62

2020, so it is not possible to determine whether this represents 63

a typical seasonal cycle in t ravel. Chinese air t ravel shows an 64

earlier decrease and recovery than other locat ions, consistent 65

with an earlier lockdown (Fig. 3a,b). Shipping at the Ports of 66

Los Angeles (LA) and Long Beach showed a decrease in total 67

container moves in February and March relat ive to January, 68

while the Port of Oakland that serves the San Francisco Bay 69

Area was less affected (Fig. 3b). In April and May, resident ial 70

elect ricity use was higher in 2020 than 2019 across the US, 71

while indust rial and commercial use was lower (Fig. 3c,d). 72

Total elect ricity use across all sectors in 2020 was about 5% 73

lower than in 2019. 74

Taken together, these met rics paint a picture of disrup- 75

t ion focused on specific sectors of act ivity associated with 76

government policies to rest rict peoples’ movement . T hus, as 77

an experiment , the COVID-19 pandemic and associated lock- 78

downs primarily represent a test of t he atmospheric response 79

to emissions from passenger vehicles and airline t ravel. 80

2. Observed changes in air quality and implications for 81

mitigation strategies 82

Air quality Observations. T he COVID-19 lockdown measures 83

led to a clear and rapid decrease in NOx emissions (15, 16), 84

providing a glimpse of the past for many count ries but also a 85

look ahead to the fut ure under consistent , long-term emissions 86
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What is KISS?

The Institute is a "think and do tank," whose primary purpose is to bring 
together a broad spectrum of scientists and engineers for sustained 
technical interaction aimed at developing new space mission concepts 
and technology. The Institute is centered on the intellectual, 
instrumentation, and research strengths of the California Institute of 
Technology and the Jet Propulsion Lab — and augments those strengths 
by inviting external experts from academia, government, and industry to 
engage in its programs. The Institute provides opportunities for graduate 
students and postdoctoral fellows to participate in cutting edge space 
mission research and learning. The Institute supports outreach to the 
public and the wider technical/scientific community via open lectures and 
the Internet.
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The cause: behavioral changes



Time Travel: COVID Effects on 
Emissions



Eye in the Sky
The NASA Satellite Fleet Monitors the Earth’s 

Vitals
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CO2 from Space

OCO-2, Jet Propulsion 
Lab, NASA

High in the 
North

Low in the 
South
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Atmospheric Composition Networks
Neighborhood by Neighborhood Information



What did we learn?

• Air pollution and greenhouse gases are two sides of the 
same coin!

• The massive shutdowns only took us 9-20 years into the 
past of carbon and pollutant emissions, for CO2, the 
world needs to go back ~100 years.

• Epic personal sacrifice had comparatively small impact 
on carbon: mitigation requires reducing primary energy 
(electricity) and equitable impacts.

• Mitigation of pollution and GHG requires systemic 
change.
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